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Tillage and Rotation Interactions for Corn and Soybean Grain Yield
as Affected by Precipitation and Air Temperature

W. W. Wilhelm and Charles S. Wortmann*

ABSTRACT rotation is also more effective in preventing deep leach-
ing of nitrate N than continuous corn (Katupitiya et al.,Reduced tillage, including no-till, and crop rotation are common
1997; Varvel and Peterson, 1990). Reduced stress frompractices for corn (Zea mays L.) and soybean [Glycine max (L.)

Merr.] production in the Midwest. Benefits of no-till vary with latitude pests may be one of the reasons for improved yield with
and cropping system. This study was conducted to evaluate the influ- crop rotations (Boosalis and Doupnik, 1976).
ence of seasonal temperature and precipitation on the effects of pri- Reports on the effects of tillage and crop sequence
mary tillage (plow, disk, chisel, subsoil, ridge-till, and no-till) and (rotation) on grain yield of both corn and soybean in the
rotated and continuous corn and soybean production under rainfed Corn Belt vary considerably. Planting corn and soybean
conditions over 16 yr in southeastern Nebraska. Corn and soybean without tillage results in increased yield in some envi-
produced less grain with greater summer temperatures. Corn yield

ronments but less in other environments. Several re-increased with less spring and more summer rainfall. Tillage and
searchers have shown that the crop rotation benefit isrotation practices affected corn grain yield; but only rotation affected
greater with no-till than with tillage (Griffith et al., 1988;soybean yield. Corn produced less grain with no-till than with plow.
Lund et al., 1993). The summary statement that yieldThe tillage � year interaction was significant for both crops; the yield

advantage for plow was less during seasons with warmer springs. increase with no-till compared with tillage is less likely
Soybean grain yield was less responsive to favorable environments for continuous corn compared with corn in rotation on
with the chisel than other tillage treatments. Grain yield was greater poorly drained soils in northern latitudes is supported
with rotation than continuous cropping for both corn (7.10 vs. 5.83 by results of tillage studies conducted on both poorly
Mg ha�1) and soybean (2.57 vs. 2.35 Mg ha�1). The benefit of rotation and well-drained soils in Ohio (Dick et al., 1991) and
in terms of grain yield was greatest for corn during years with cool on poorly drained soils in Illinois (McIsaac et al., 1990)
springs. The benefit of rotation for soybean grain yield did not vary

and Iowa (Brown et al., 1989).with weather conditions. Seasonal temperature and rainfall patterns
On well-drained soils, crop yields were less with no-influenced the effects of tillage and rotation on corn yield. In contrast,

till than with tillage in studies conducted in Iowa (Chasefor soybean, only the pattern of temperature influenced the effect of
and Duffy, 1991), Indiana (West et al., 1996), northwest-tillage on yield.
ern Iowa (Bakhsh et al., 2000), and Wisconsin (Adee
et al., 1994; Lund et al., 1993). In contrast, yields were
greater with no-till in Nebraska (Dickey et al., 1994)No-till and ridge-till planting are established con-
and Ohio (Dick et al., 1991). To further complicate theservation tillage systems in the Midwest. The area
issue, no differences in yield between no-till and tilledplanted without preplant tillage in the United States is
treatments were reported for studies conducted in Mich-estimated to be 21 � 106 ha yr�1 (38% of U.S. cropland;
igan (Hesterman et al., 1988) and Wisconsin (Al-DarbyConserv. Technol. Inf. Cent., 2000). The primary reason
and Lowery, 1986; Lund et al., 1993). Corn and/or soy-given by crop producers in Nebraska for practicing con-
bean yield was greater with ridge-till than with no-till inservation tillage is reduced costs (McCabe, 2002). Other
Indiana (West et al., 1996) but not different in Nebraskaimportant reasons given for adopting conservation till-
(Cahoon et al., 1999) and Wisconsin (Al-Darby and Low-age were soil protection, water conservation, increased
ery, 1986). Griffith and Wollenhaupt (1994) summarizedyield, and increased profit.
these differing results by stating that the probability ofRotation of corn and soybean is often preferred to
a corn yield increase with no-till is greatest on well-continuous cropping with either crop because the rota-
drained soil when grown in rotation and in southern lati-tion produces greater grain yield of both crops (Peter-
tudes of the United States. The objective of this researchson and Varvel, 1989a, 1989b; Varvel, 1994; West et al.,
is to evaluate the influence of seasonal temperature and1996). Input costs are often less with rotation (Foltz et al.,
precipitation on tillage and crop sequence (rotation)1995), with less N fertilizer needed for the corn–soybean
effects on the grain yield responses in corn and soy-rotation compared with continuous corn. A corn–soybean
bean production.

W.W. Wilhelm, USDA-ARS, 117 Keim Hall, Univ. of Nebraska,
Lincoln, NE 68583-0934; and C.S. Wortmann, Dep. of Agron. and MATERIALS AND METHODS
Hortic., Univ. of Nebraska, Lincoln, NE 68583-0915. Joint contribu-

This field research was conducted at the Rogers Memorialtion the USDA-ARS and the Univ. of Nebraska, Agric. Res. Div.,
Lincoln, NE 68583, Journal Series no. 13950. Product names are given Farm over 16 yr (1986–2001) on a silty clay loam soil (deep,
solely for the benefit of the reader and are not meant to constitute a moderately well-drained upland Sharpsburg soil formed in
recommendation or warranty by USDA’s Agricultural Research Service loess; fine, smectitic, mesic Typic Argiudolls) near Lincoln,
or the Agricultural Research Division of the University of Nebraska. NE, under natural rainfall conditions.
Received 11 Dec. 2002. *Corresponding author (cwortmann2@unl.edu). The experiment was designed as a randomized complete

block (six blocks) with a split-plot arrangement of treatments.Published in Agron. J. 96:425–432 (2004).
Tillage treatments were assigned to whole plots and included American Society of Agronomy

677 S. Segoe Rd., Madison, WI 53711 USA chisel plow (chisel), tandom disk (disk), moldboard plow (plow),
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no-till, ridge-till, and subsoil tillage. Subplot treatments were producers. Currently recommended hybrids of corn and varie-
ties of soybean were planted each year. Planting populationcontinuous corn, continuous soybean, soybean–corn, and

corn–soybean so that each phase of all crop sequences was for corn ranged from 40 000 kernels ha�1 in the early years
of the study to 58 000 kernels ha�1 in more recent years (sincepresented each year. Whole plots were 18.3 (twenty-four

0.76-m rows) by 22.9 m. Subplots were 4.6 (six 0.76-m rows) 1996). Soybean was planted at rates between 250 000 and
375 000 seeds ha�1. Insecticides (which varied over years) wereby 22.9 m.

After grain harvest from 1986 through 1999, corn stover applied to corn at planting according to label procedures to
reduce rootworm damage. For both corn and soybean, a com-was chopped on the chisel, plow, and subsoil treatments. These

treatments were then tilled. Depth of tillage was approxi- bination of pre- and postemergence herbicides (again products
varied over the years of study), cultivation, and hand weedingmately 25 cm for the chisel and plow treatments and 36 cm for

the subsoil treatment. The straight chisel shanks with straight were used to control weeds. Roundup Ready varieties of soy-
bean have been planted since 1998. Roundup Ready hybridspoints were at a 25-cm spacing. The subsoil implement (Blu-

jet Subtiller1, Thurston Manufacturing Co., Thurston, NE) of corn have been planted since 1999. Nitrogen was broadcast
to corn at 113 kg N ha�1 as ammonium nitrate at about thewas equipped with standard shanks and fall-till points at a

76-cm spacing and positioned to operate between the planted V3 growth stage. Other plant nutrients were within optimum
levels for corn and soybean production.rows. Residue was chopped in spring for the disk, no-till, and

ridge-till treatments. Depth of tillage for the disk treatment Corn and soybean were harvested after reaching physiologi-
cal maturity. Before 1998, yield was determined by hand-was approximately 10 cm. All tilled treatments were disked

to �10 cm depth before planting (including the disk treatment, collecting all ears from an area of at least 9.3 m2 within each
corn plot. Grain was removed from the ears, weighed, andwhich was disked a second time). No primary or secondary

preplant tillage operations were performed on the no-till or sampled for water content determination. During this period,
soybean yield was determined by collecting all plants from anridge-till treatments. Corn was planted in the first week of

May as weather and soil conditions allowed, except in 1996 area of at least 4.6 m2. Plant samples were air-dried and grain
threshed from stover. Grain was weighed and sampled forwhen planting was delayed, because of wet soil, until 26 May.

Soybean planting also depended on weather and soil condi- water content determination. Since 1998, both corn and soy-
bean grain were harvested with a plot combine to determinetions but was usually delayed by 1 wk (by 2 wk in 1989 when

soybean was planted on 17 May) after corn was planted. All yield. Three central rows of each plot were sampled. All yield
data were adjusted to 155 g�1 kg�1 for corn and 130 g�1 kg�1crops were planted in 76-cm rows with a planter equipped

with six Kinze Precision Placement Style A row units (Kinze for soybean.
Precipitation use efficiency was determined by dividing grainManufacturing Co., Williamsburg, IA) with double-disk open-

ers. Scalloped trash disks were adjusted to remove 3 to 5 cm yield by annual precipitation (1 October to 30 September)
and expressed as kilograms per hectare per centimeter.of soil from the top of the ridge in the ridge-till treatment. In

the no-till treatment, the trash disks were adjusted to move 0 Data were analyzed using a split plot in time and space
analysis of variance as calculated by SAS PROC MIXEDto 2 cm of soil and the old crown from the row. All treatments,

except no-till, were cultivated between the V5 and V8 growth (Littell et al., 1996). Years were considered as split plots in
time and a random effect. Block, tillage, and rotation effectsstages (Ritchie et al., 1986) for corn and about V5 growth

stage (Ritchie et al., 1996) for soybean. At this time, or within were considered fixed in determining the expected mean
squares and appropriate F tests in the analysis of variance.2 wk, ridges were formed in the ridge-till treatment. Both

cultivating and ridging were done with a Buffalo row-crop Residuals were similar for all tillage and rotation treatments
for both the corn and soybean yields. Alpha � 0.05 was usedcultivator (Fleischer Manufacturing Co., Columbus, NE).

Since 1999, stalks were chopped on all treatments, and all of in this study to declare effects or differences significant, unless
stated otherwise.the tilled treatments (including disk) were tilled in fall after

grain harvest. All tilled treatments were disked lightly be- To assess the influence of weather during different parts
of the season on productivity, correlations were calculatedfore planting.

Other cultural practices were similar to those used by local between grain yield and mean air temperature and total pre-

Fig. 1. Seasonal (1 October–30 September) precipitation at Rogers Memorial Farm, 1986 to 2001. The solid line is the average seasonal precipitation
during the period 1986 to 2001.
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Fig. 2. Seasonal (1 October–30 September) mean air temperature at Rogers Memorial Farm, 1986 to 2001. The solid line is the average seasonal
temperature during the period 1986 to 2001.

cipitation of weekly intervals over each season (1 October perature, and soil fertility would be desirable.” Unfortunately,
an independent environmental index describing the yield po-through 30 September). Weekly intervals with high correla-

tions to grain yield tended to cluster, but the clusters were tential of each environment has been difficult to construct given
the variation in weather, edaphic, biotic, and management char-not consistent between air temperature and precipitation. In-

tervals with significant (p � 0.05 unless indicated otherwise) acteristics for the duration of the season and the interactions
of these characteristics on crop performance. In the absencecorrelations with grain yield are reported. Results of these

analyses are reported as yield response (increase or decrease) of such an independent index, Eberhart and Russell (1966)
suggested that a surrogate environmental index can be com-to temperature and precipitation. When we state, for example,

that yield was less with high temperature for a specific period, posed of the trial means from the range of environments over
which the experiment was conducted, thereby quantifying thewe are comparing temperature and the yield response for the

specific year to the average temperature for the duration of production potential for each environment in terms of grain
yield. This surrogate environmental index has been widelythe study. Stated in other terms, if for the specified period, a

negative correlation occurred between grain yield and temper- used to execute stability analyses (Saeed et al., 1987; Boman
et al., 1997). For our analyses, the environmental index wasature, this means that greater-than-average yields occurred in

years when temperature for the period was less than average. composed of the annual mean yield for the entire experiment
(mean of all 12 treatment combinations for each crop). Re-No specific value can be assigned to high or low temperature

or precipitation, the specific values differed for each period gressing the treatment means for each environment on the
environmental index gave a regression coefficient (�), whichand each comparison. Even though specific values cannot be

stated, the significant correlations indicate that the relative is a measure of a treatment’s general responsiveness to the
environment, and deviations from regression (1 � r 2) andrelationship occurred with a frequency greater than can be

attributed to chance. standard errors of slope, which are estimates that measure a
treatment’s specific response to environmental conditions.When treatment � environment (year or site) interactions

are significant, the stability model of Eberhart and Russell It is traditional to report and discuss the interactions before
presenting the main effects in scientific papers. In this paper,(1966) is a tool often used by crop breeders, geneticists, and

agronomists for further analysis (Lin et al., 1986; Mekbib, 2002). we deviate from this mold and present the reader a general
overview of the main effects before dissecting the interactions.With this model, treatment yield is regressed (linearly) on an

environmental index. Eberhart and Russell (1966) stated, “An Therefore, for both corn and soybean, we present a brief
summary for the main effect before using the Eberhart andindex independent of the experimental varieties (treatments)

and obtained from environmental factors such as rainfall, tem- Russell (1966) stability analysis and regression analysis of

Table 1. Analysis of variance for corn and soybean yield over 16 yr of tillage and crop sequence (rotation) treatments at the Rogers
Memorial Farm.

Corn Soybean

Degrees of freedom Degrees of freedom

Sources of variation Numerator Denominator† F value P � F Numerator Denominator† F value P � F

Year (Y) 15 890 447.3 �0.001 15 880 133.1 �0.001
Tillage (T) 5 80.2 2.79 0.023 5 72.7 0.2 0.967
T � Y 75 892 2.48 �0.001 75 879 2.2 �0.001
Rotation (R) 1 80.2 182.6 �0.001 1 72.7 41.5 �0.001
T � R 5 80.2 0.5 0.799 5 72.7 0.3 0.930
R � Y 15 890 18.3 �0.001 15 880 6.3 �0.001
T � R � Y 75 890 1.4 0.025 75 879 0.68 0.983

† Determined by the Kenward Rogers method in PROC Mixed (Littell et al., 1996).
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Table 2. Corn yield over 16 yr for six tillage and two crop sequences at the Rogers Memorial Farm near Lincoln, NE.†

Chisel Disk No-till Plow Ridge-till Subsoil Mean

Year Cont.‡ Rot.§ Mean Cont. Rot. Mean Cont. Rot. Mean Cont. Rot. Mean Cont. Rot. Mean Cont. Rot. Mean Cont. Rot. Mean

Mg ha�1

1986 3.43 3.64 3.53 2.77 3.32 3.05 3.27 3.49 3.38 3.45 3.99 3.72 3.25 3.41 3.33 2.77 3.24 3.01 3.15 3.52 3.34
1987 2.70 2.91 2.81 2.63 3.19 2.91 1.97 2.55 2.26 3.22 3.51 3.36 1.95 3.07 2.51 2.55 3.37 2.96 2.50 3.10 2.80
1988 5.01 6.53 5.77 5.23 6.40 5.82 5.44 6.82 6.13 5.81 7.30 6.55 5.11 6.22 5.66 5.00 6.88 5.94 5.27 6.69 5.98
1989 7.67 7.67 7.67 8.68 7.83 8.25 7.24 7.69 7.46 7.73 8.16 7.95 7.51 8.38 7.95 8.16 8.39 8.28 7.83 8.02 7.93
1990 6.65 8.80 7.72 6.00 8.77 7.39 4.94 8.95 6.94 7.60 8.89 8.25 5.46 9.14 7.30 6.36 8.22 7.29 6.17 8.80 7.48
1991 1.72 4.69 3.21 2.06 4.94 3.50 2.68 5.16 3.92 3.16 4.52 3.84 2.96 5.33 4.14 1.75 4.55 3.15 2.39 4.86 3.63
1992 10.34 10.89 10.61 10.22 10.95 10.58 10.67 10.86 10.77 10.56 10.76 10.66 11.07 11.49 11.28 10.86 10.88 10.87 10.62 10.97 10.80
1993 5.65 6.29 5.97 4.97 6.77 5.87 3.54 5.99 4.77 5.85 6.83 6.34 5.76 6.50 6.13 5.49 6.86 6.18 5.21 6.54 5.88
1994 7.76 9.73 8.75 8.15 9.93 9.04 7.05 9.21 8.13 8.57 10.23 9.40 8.05 9.80 8.92 8.02 9.94 8.98 7.93 9.81 8.87
1995 1.73 4.73 3.23 1.61 4.28 2.94 2.45 4.87 3.66 2.36 5.59 3.97 3.27 4.81 4.04 2.90 4.88 3.89 2.38 4.86 3.62
1996 6.77 9.47 8.12 8.40 8.82 8.61 6.86 8.87 7.86 7.66 9.74 8.70 8.56 9.47 9.02 8.41 9.44 8.93 7.78 9.30 8.54
1997 5.54 6.28 5.91 5.63 6.80 6.21 4.99 6.20 5.59 6.80 7.37 7.08 5.57 6.13 5.85 5.91 7.22 6.56 5.74 6.67 6.20
1998 7.93 8.50 8.22 7.41 9.54 8.47 7.40 9.30 8.35 8.55 9.96 9.26 8.23 8.21 8.22 8.27 9.54 8.90 7.96 9.18 8.57
1999 6.02 8.19 7.10 5.56 8.15 6.85 6.41 8.53 7.47 7.06 8.04 7.55 6.47 8.49 7.48 6.03 8.73 7.38 6.26 8.35 7.31
2000 6.35 6.02 6.18 6.82 6.44 6.63 6.36 6.71 6.53 4.92 4.59 4.75 6.17 6.18 6.18 6.76 6.16 6.46 6.23 6.02 6.12
2001 5.65 7.51 6.58 6.11 7.06 6.59 5.74 6.28 6.01 5.70 7.46 6.58 5.73 5.83 5.78 6.19 7.73 6.96 5.86 6.98 6.42

Mean 5.68 6.99 6.34 5.77 7.07 6.42 5.44 6.97 6.20 6.19 7.31 6.75 5.94 7.03 6.49 5.96 7.25 6.61 5.83 7.10 6.47

† SE to compare rotation means � 0.058 Mg ha�1; SE to compare tillage treatment means � 0.115 Mg ha�1; SE to compare year means � 0.112 Mg ha�1;
SE to compare tillage � rotation interaction means � 0.181 Mg ha�1; SE to compare tillage � year interaction means � 0.273 Mg ha�1; SE to compare
rotation � year interaction means � 0.158 Mg ha�1; SE to compare tillage � rotation � year interaction means � 0.386 Mg ha�1.

‡ Cont., continuous cropping system.
§ Rot., rotated cropping system.

weekly temperature and precipitation on grain yield to exam- of 23.0�C. The coolest season was 1985–1986 with an
ine interactions. We feel this approach improves presentation average temperature of 17.4�C.
of outcomes from this study.

Corn Yield
RESULTS AND DISCUSSION Tillage, rotation, and year effects, and their two- and

three-way interactions, except tillage � rotation, wereSeasonal (October–September) total precipitation,
and its distribution, varied greatly over the 16 yr of study significant for corn yield (Table 1). Mean grain yield

for the continuous corn treatment was 5.83 Mg ha�1 for(Fig. 1). The greatest precipitation occurred during the
1992–1993 season (the 1993 crop, 1142 mm); the least the period 1986 through 2001 (Table 2); annual mean

yield ranged from 2.38 to 10.62 Mg ha�1. For the cornoccurred during the 1999–2000 season (the 2000 crop,
446 mm). The average seasonal precipitation for the 16- rotated with soybean, mean grain yield was 7.10 Mg

ha�1 over the 16-yr period of study (Table 2); annualseason period was 708 mm. March was the driest month
over the duration of the study with an average of 51 mm mean yield for rotated corn ranged from 3.10 to 10.97

Mg ha�1. The significant tillage effect for corn occurredof precipitation but ranged from 0 (1989, 1994, and 2001)
to 75 (1998) cm. June was the wettest month with an because yield with the no-till treatment was less (6.20

Mg ha�1) than with plow (6.75 Mg ha�1; Table 2). Theaverage precipitation 113 mm but ranged from 25 (1988)
to 187 (1998) cm. Seasonal average temperature for the other tillage treatments had intermediate, and statisti-

cally similar, mean yields (chisel, 6.34 Mg ha�1; disk,duration of the study was 19.9�C (Fig. 2). The 1999–2000
season was the warmest with an average temperature 6.42 Mg ha�1; ridge-till, 6.49 Mg ha�1; and subsoil, 6.61

Table 3. Correlation coefficients (r ) between corn and soybean grain yield and mean air temperature and total precipitation for specific
periods during the season.

Temperature Precipitation

Correlation coefficient Interval Correlation coefficient Interval

Corn
Mean �0.72 28 May to 19 July �0.60 26 Feb. to 13 May

0.45† 23 July to 9 Sept.
Continuous mean �0.72 28 May to 19 July �0.63 26 Feb. to 13 May

0.44† 23 July to 9 Sept.
Rotation mean �0.69 28 May to 19 July �0.55 26 Feb. to 13 May

0.44† 23 July to 9 Sept.
Plow–no-till �0.53 19 March to 10 June 0.43† 9 July to 5 Aug.
Continuous, plow–no-till �0.53 19 March to 10 June 0.45† 9 July to 5 Aug.
Rotation–continuous �0.49† 26 March to 13 May NS‡ –

Soybean
Mean �0.71 23 July to 12 Aug. NS –
Plow mean �0.78 23 July to 12 Aug. NS –
No-till mean �0.61 23 July to 12 Aug. NS –
Plow–no-till �0.51 19 March to 10 June 0.55 9 July to 5 Aug.

† Significant at p � 0.10.
‡ Not significant at p � 0.05.
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precipitation use efficiency ranged from 29.3–142.1) kg
ha�1 cm�1 for continuous corn and 114.7 (annual precipi-
tation use efficiency ranged from 36.2–170.2) kg ha�1

cm�1 for corn following soybean. These values of precip-
itation use efficiency, as well as the yields reported above,
were similar to those in another study conducted in
eastern Nebraska (Peterson and Varvel, 1989a). In that
study, mean yields were 5.5 and 7.6 Mg ha�1 for continu-
ous and rotated corn respectively, and the means for
precipitation use efficiency were 83.6 and 101.8 kg ha�1

cm�1 for continuous corn and for corn following soy-
bean, respectively (Varvel, 1994).

The rotation � year interaction was significant for
corn yields (Table 1). The fitting process associated with
the Eberhart–Russell stability analysis resulted in lines
with similar slopes (i.e., lines were parallel) when the
observed yield data for rotated and continuous corn
were regressed on the environmental index (Table 4). A
greater rotation effect was associated with lower spring
temperatures (from 26 March through 13 May; r �
�0.49, p � 0.056; Table 3), possibly because of less
mineralization of nutrients (Linn and Doran, 1984) un-

Fig. 3. Relationship between total precipitation for the intervals (A) der cooler soil conditions.
26 February to 13 May and (B) 23 July to 9 September and corn Corn yield was generally less in odd- than in even-
grain yield for 1986 to 2001. numbered years with a mean difference of 1.9 Mg ha�1

(p � 0.065); presumably this was a coincidence associ-Mg ha�1; Table 2). Yields are often less with no-till
ated with the fact that mean July temperature was 1.7�Ccompared with tilled soil in more northerly latitudes,
greater in odd years than the even year (p � 0.052) andbut greater yields with no-till are common (Dickey et
not an inherent difference in basic productivity of theal., 1994) although not universal (Wilhelm et al., 1987)
plots in which corn is grown during odd and even yearsin the latitudes of southeast Nebraska.
in the 2-yr rotation because rotation treatments wereAnnual corn yield was less when temperature from
randomly assigned to subplots within each tillage treat-28 May through 19 July was high (r � �0.72; Table 3),
ment in this experiment with a split-plot treatment ar-agreeing with other results from eastern Nebraska (Ya-
rangement.moah et al., 1998). Annual corn yield was negatively

The tillage � year interaction (Table 1) was not ex-correlated with rainfall from 26 February through 13
plained by regressing treatment means on the environ-May (r � �0.60; Table 3 and Fig. 3A). Corn yield was
mental index (Table 4). The relatively low r 2 value forpositively related to rainfall from 23 July through 9
the plow (r 2 � 0.93), continuous corn treatment wasSeptember (r � 0.45, p � 0.1; Table 3 and Fig. 3B).
because of a major negative deviation from the regres-Yamoah et al. (2000) found that corn yield in northeast
sion line in 2000, but this was not explained by theNebraska was positively related to an index value for
weekly weather data analysis. Grain yield with the no-precipitation for the 12-mo period preceding planting
till treatment was less than for the plow treatment within a curvilinear relationship, but this relationship did
cooler weather from 19 March through 10 June (r �not occur in the current study.

Mean precipitation use efficiency was 93.0 (annual �0.53, p � 0.036; Table 3). Early-season soil tempera-

Table 4. The interaction effects of tillage system on continuous (cont.) and rotated (rot.) corn yield as illustrated by the regression of
annual treatment means on an environmental index composed of the annual mean yields.

Cropping
Tillage system Mean Intercept SE Slope SE r 2

Mg ha�1 Mg ha�1 (Mg ha�1)�1

Chisel Cont. 5.68 �0.08 0.286 0.99 0.046 0.97
Chisel Rot. 6.99 �0.04 0.232 0.99 0.031 0.99
Disk Cont. 5.77 �0.40 0.328 1.06 0.052 0.97
Disk Rot. 7.07 �0.06 0.244 1.00 0.033 0.98
No-till Cont. 5.44 �0.05 0.406 0.94 0.065 0.94
No-till Rot. 6.97 �0.03 0.343 0.99 0.046 0.97
Plow Cont. 6.19 0.66 0.449 0.95 0.072 0.93
Plow Rot. 7.31 0.26 0.492 0.99 0.066 0.94
Ridge-till Cont. 5.94 0.12 0.326 1.00 0.052 0.96
Ridge-till Rot. 7.03 �0.20 0.420 1.02 0.057 0.96
Subsoil Cont. 5.96 �0.24 0.227 1.06 0.036 0.98
Subsoil Rot. 7.25 0.08 0.294 1.01 0.040 0.98
Mean Cont. 5.83 �0.75 0.351 0.98 0.051 0.96
Mean Rot. 7.10 0.75 0.351 1.02 0.051 0.96
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Table 5. Soybean yield over 16 yr for six tillage and two crop sequences at the Rogers Memorial Farm near Lincoln, NE.†

Chisel Disk No-till Plow Ridge-till Subsoil Mean

Year Cont.‡ Rot.§ Mean Cont. Rot. Mean Cont. Rot. Mean Cont. Rot. Mean Cont. Rot. Mean Cont. Rot. Mean Cont. Rot. Mean

Mg ha�1

1986 3.37 3.69 3.53 3.55 4.06 3.80 3.57 3.99 3.78 3.51 4.10 3.80 3.57 3.90 3.74 3.54 4.31 3.93 3.52 4.01 3.76
1987 2.38 2.28 2.33 2.24 2.41 2.32 2.27 2.43 2.35 2.41 2.63 2.52 2.03 2.11 2.07 2.28 2.18 2.23 2.27 2.34 2.30
1988 2.77 2.98 2.88 2.71 2.92 2.82 2.84 2.47 2.66 2.46 2.57 2.51 2.45 3.09 2.77 2.54 2.95 2.74 2.63 2.83 2.73
1989 1.70 2.34 2.02 1.87 2.06 1.96 1.91 2.05 1.98 2.13 2.27 2.20 1.80 2.02 1.91 1.79 1.92 1.85 1.87 2.11 1.99
1990 2.31 1.88 2.09 1.71 1.80 1.76 1.35 1.34 1.34 2.12 1.93 2.02 1.85 2.10 1.97 2.17 1.77 1.97 1.92 1.80 1.86
1991 2.38 2.22 2.30 2.32 2.18 2.25 2.35 2.17 2.26 1.89 2.21 2.05 2.16 2.21 2.18 2.34 2.21 2.27 2.24 2.20 2.22
1992 2.89 3.07 2.98 3.10 2.91 3.01 3.11 3.16 3.13 2.93 3.00 2.97 2.96 3.18 3.07 3.00 3.09 3.04 3.00 3.07 3.03
1993 2.06 2.32 2.19 2.17 2.30 2.24 2.15 1.53 1.84 2.13 2.39 2.26 2.40 2.40 2.40 2.07 2.22 2.14 2.16 2.19 2.18
1994 2.50 2.96 2.73 3.00 3.10 3.05 2.63 3.00 2.81 2.80 3.12 2.96 2.98 2.97 2.97 2.79 3.02 2.91 2.78 3.03 2.91
1995 1.34 1.44 1.39 1.50 1.60 1.55 1.45 1.49 1.47 1.33 1.46 1.39 1.71 1.81 1.76 1.59 1.57 1.58 1.48 1.56 1.52
1996 2.26 2.90 2.58 2.37 2.82 2.60 1.77 2.53 2.15 2.65 3.08 2.87 1.98 2.74 2.36 2.34 2.89 2.62 2.23 2.83 2.53
1997 2.32 2.64 2.48 2.27 2.55 2.41 2.33 2.73 2.53 2.52 2.87 2.69 2.05 2.52 2.28 2.40 2.69 2.54 2.31 2.67 2.49
1998 2.93 2.98 2.96 2.92 3.04 2.98 3.19 3.21 3.20 3.17 2.74 2.96 3.09 3.31 3.20 2.86 3.16 3.01 3.03 3.07 3.05
1999 2.59 2.85 2.72 2.46 2.83 2.65 3.02 3.13 3.07 2.60 3.11 2.86 2.56 2.84 2.70 2.68 2.78 2.73 2.65 2.92 2.79
2000 1.32 2.25 1.78 1.35 2.06 1.71 1.73 2.61 2.17 1.00 1.38 1.19 1.16 1.99 1.58 1.09 2.14 1.61 1.27 2.07 1.67
2001 2.22 2.52 2.37 2.04 2.57 2.31 2.20 2.57 2.38 2.28 2.58 2.43 2.04 2.40 2.22 2.36 2.49 2.42 2.19 2.52 2.36

Mean 2.33 2.58 2.46 2.35 2.58 2.46 2.37 2.52 2.45 2.37 2.59 2.48 2.30 2.60 2.45 2.36 2.59 2.48 2.35 2.58 2.46

† SE to compare rotation means � 0.023 Mg ha�1; SE to compare tillage treatment means � 0.044 Mg ha�1; SE to compare year means � 0.049 Mg ha�1;
SE to compare tillage � rotation interaction means � 0.057 Mg ha�1; SE to compare tillage � year interaction means � 0.121 Mg ha�1; SE to compare
rotation � year interaction means � 0.070 Mg ha�1; SE to compare tillage � rotation � year interaction means � 0.171 Mg ha�1.

‡ Cont., continuous cropping system.
§ Rot., rotated cropping system.

ture was not monitored throughout the duration of this significant for soybean yield (Table 1). The average
grain yield for soybean rotated with corn for the periodstudy, but in 1987, no-till soil (at 10-cm depth) was 2�C

cooler than plow or disk while in 1988, soil was warmer 1986 through 2001 was 2.58 Mg ha�1, with individual-
year average yields ranging from 1.56 to 4.01 Mg ha�1with plow than disk and no-till (Baumert-Powers, 1989).

The yield advantage of plow over no-till, under the (Table 5). For continuous soybean, the average grain
yield was 2.35 Mg ha�1 but ranged from 1.27 to 3.52 Mgcontinuous corn system, was increased with greater rain-

fall from 9 July to 5 August (r � 0.45, p � 0.10; Table 3). ha�1 for individual years (Table 5). The mean yield
increase associated with crop rotation (0.23 Mg ha�1;The rotation � tillage interaction was not significant

in this study (p � 0.80; Table 1). In Wisconsin, Lund Table 5) was similar to that observed in eastern Ne-
braska by Peterson and Varvel (1989b) where the meanet al. (1993) did not observe a tillage effect on corn

yield following soybean (rotation), but continuous corn yields for rotated and continuous soybean were 2.7 and
yield was less with no-till than with tillage. They associ- 2.4 Mg ha�1, respectively.
ated the reduced yield of no-till, continuous corn with Soybean yield was not significantly affected by tillage
the greater amount of crop residue and cooler soil tem- system or by the tillage � rotation interaction (Tables
perature in the spring (2.7�C less). West et al. (1996) 1 and 5). Brown et al. (1989) also found no tillage effect
also reported less grain yield with no-till than with other on soybean yield in southeastern Iowa. The different
tillage systems, but the yield reduction was greater with responses of corn and soybean to tillage may be caused
continuous corn than with corn following soybean. by the later planting dates for soybean than for corn
Swanson and Wilhelm (1996) found that different and less impact of low early-season soil temperatures.
amount of spring-applied surface residue (one of the In a comparison of tillage treatments, Dickey et al.
changes in the soil associated with tillage) did not affect (1994) did observe increased soybean yield with no-till
grain yield. in eastern Nebraska while Lund et al. (1993) reported

The rotation � tillage � year interaction (Table 1, reduced soybean yield with no-till in Wisconsin.
p � 0.025) for corn yield was not because of differences
in treatment response to the environment index (Table 4).
When treatment means were regressed on the environ-
mental index of annual overall mean yields, all slopes
were equal to 1. The three-way interaction effect was
primarily caused by greater deviations for three treat-
ments [continuous corn with no-till (r 2 � 0.94) and both
rotated (r 2 � 0.94) and continuous (r 2 � 0.93) corn with
plow tillage] from the normal response of the other
treatments to the environmental index as indicated by
the lower r 2 values and greater standard error (Table 4).

Soybean Yield
The main effects of rotation and year, as well as the Fig. 4. Relationship between mean temperature for the interval 23

July to 12 August and soybean grain yield for 1986 to 2001.tillage � year and rotation � year interactions, were
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sion lines of soybean yield against the environmental
index were 0.91 Mg ha�1 (Mg ha�1)�1 with continuous
cropping and 0.88 Mg ha�1 (Mg ha�1)�1 with rotated
cropping under the chisel treatment, indicating less re-
sponse than with the other tillage treatments to change
in environmental conditions (Table 6). Yield with chisel
was above average when annual mean yield was low
but below the mean yield when mean annual yield was
high. The slopes of the environmental index vs. yield
relationship for all other tillage treatments were not
significantly different from 1.0. Temperature from 19
March to 10 June strongly influenced the difference in
soybean yield between the plow and no-till treatments
(r � 0.51; Table 3). Yield of soybean with no-till devi-
ated most from the regression line in 4 yr, three of which
(1990, 1993, and 1996) had cool springs and negative
deviations, and one (2000) had a warm spring and a
positive deviation (Fig. 2 and 5B). The plow treatment,
on the other hand, had negative deviations in 2 yr with
warm springs and positive deviations in years with cool
springs. For the plow treatments, the deviations were
greatest with the corn–soybean rotation.

While soil water was not monitored continuously in
this study, cumulative water use by soybean was similar

Fig. 5. Yield (Mg ha�1) difference between (A) rotated and continu- (within 10 mm) for plow, disk, and no-till treatments inous corn or (B) soybean and plow and no-till tillage, 1986 to 2001.
both 1987 and 1988. In addition, leaf water potential
increased and decreased more slowly (in response toSoybean yield was less with greater temperatures
rainfall and drying events, respectively) for no-till thanfrom 23 July to 12 August (Table 3 and Fig. 4). Yamoah
disk and plow (Baumert-Powers, 1989). As would fol-et al. (1998) also found increased late-summer tempera-
low, soybean leaf water potential fluctuated more withture to be negatively correlated with soybean yield, es-
plow than with disk or no-till. Mean precipitation usepecially for continuous soybean.
efficiency was 36.9 kg ha�1 cm�1 (21.1–50.3 kg ha�1 cm�1)The rotation � year interaction for soybean (Table 1
for continuous soybean and 40.7 kg ha�1 cm�1 (21.3–52.2and Fig. 5B) was not associated with variations in rainfall
kg ha�1 cm�1) for soybean following corn.or temperature (Table 3). This interaction may be of

limited agronomic importance since the slopes of lines
formed for each cropping system when fitted to the CONCLUSIONS
mean annual yield (the environmental index) were

Similar levels of corn and soybean productivity canequal to one (Table 6). The interaction was presumably
be achieved with several tillage systems if well managed.due to relatively greater deviation from the regression
Soybean yield with no-till was similar to yields with thelines for rotation under no-till (r 2 � 0.84) and plow
other tillage practices. Corn yield was less with no-till(r 2 � 0.86) tillage than the other tillage treatments as
than with plow tillage. The advantage of plow tillageindicated by r 2 values (Table 6).
over no-till for corn yield was greatest in years withThe significant tillage � year interaction effect was

of agronomic importance (Table 1). Slopes of the regres- low spring temperatures. Use of plow tillage may be

Table 6. The interaction effects of tillage system on continuous (cont.) and rotated (rot.) soybean yield as illustrated by the regression
of annual treatment means on an environmental index composed of the annual mean yields.

Cropping
Tillage system Mean Intercept SE Slope SE r 2

Mg ha�1 Mg ha�1 (Mg ha�1)�1

Chisel Cont. 2.33 0.20 0.171 0.91 0.071 0.92
Chisel Rot. 2.58 0.32 0.131 0.88 0.050 0.96
Disk Cont. 2.35 �0.02 0.135 1.01 0.056 0.96
Disk Rot. 2.58 0.02 0.887 0.99 0.034 0.98
No-till Cont. 2.37 �0.05 0.284 1.03 0.84 0.94
No-till Rot. 2.52 �0.25 0.331 1.08 0.125 0.84
Plow Cont. 2.37 �0.04 0.225 1.03 0.093 0.93
Plow Rot. 2.59 �0.09 0.297 1.04 0.112 0.86
Ridge-till Cont. 2.30 �0.10 0.178 1.02 0.074 0.93
Ridge-till Rot. 2.60 0.02 0.200 0.92 0.076 0.91
Subsoil Cont. 2.36 0.08 0.137 0.97 0.057 0.95
Subsoil Rot. 2.59 �0.27 0.117 1.11 0.044 0.98
Mean Cont. 2.35 �0.07 0.145 0.98 0.057 0.95
Mean Rot. 2.58 0.07 0.145 1.02 0.057 0.96
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